The Life Quality Index introduced by Nathwani, Lind and Pandey is a social indicator that by invariance serves the purpose of allocating a balanced and ethically reasonable part of the Gross Domestic Product of a country to life saving initiatives. In the attempts to understand the reasoning behind the construction of the LQI one may ask whether the LQI is built on empirical evidence of social behavior that implies the modeled balance between the free time and the work time.
Introduction
Civil engineering deals with planning and manufacturing of infrastructure elements of the society such as buildings, roads, bridges, dams, harbours, water and energy supply systems, etc. During construction, use and final demolition most of these technical elements constitute a risk to human health and life, but simultaneously a benefit to the quality of human life. Thus design, manufacturing techniques and rules for use must be based on decision analyses where the risks are balanced against the benefits in some optimal way. Every day engineering practice exercises this balance by following simplified rules denoted as codes of practice. Ideally these codes of practice are formulated by a group of experienced engineering professionals and scientific specialists on the basis of such balance considerations. Afterwards the rules are sanctioned by political authorities who make them legal for ordinary engineering decision making. An important and difficult problem faces the decision makers behind the code of practice and also those engineers who are confronted with risky decisions that are not of a sufficiently simple nature to be covered by the legality of the code of practice. This is the problem about assigning money values to anticipated fatalities and to accidental injuries. Obviously there is a need for some formal procedure that has some bearing on an empirically supported public willingness to pay thus lifting the problem away from the operationally impossible ethical claim of infinite value of human life.
A clever formal procedure that solves the problem is the principle of invariance of Nathwani, Lind and Pandey's Life Quality Index (LQI), [1] . Readers that do not know the LQI may jump to Section 2 for a short derivation and thereafter proceed reading the rest of this introduction. Through the works of Skjong and Ronold [2] and Rackwitz [3] , in particular, the applications of the LQI invariance concept has attracted considerable interest within the Joint Committee of Structural Safety in connection with work on recommendations concerning risk acceptance criteria and decision making in civil engineering. However, the concept raises philosophical interpretation questions that need a thorough discussion and clarification. The authors of this paper emphasize that the questions and critics they raise concerning the existing literature on the topic are mostly epistemological in nature and of less importance for the practical applications.
In particular one could ask whether there exists some direct or indirect empirical evidence for claiming that the LQI actually is a reasonable measure of life quality. Even if so, one could ask whether the empirical evidence justifies the principle of invariant LQI for making the LQI applicable for resource allocation decisions such as setting the value of the societal Cost of Averting a Fatality. These questions are addressed in this paper under reference to earlier works by the authors including the introduction of a concept denoted as the Life Quality Time Allocation Index (LQTAI) [4] . The practical evaluation results derived from assuming invariance of the LQTAI are not much different from those based on invariance of the LQI. However, in contrast to the LQI, the derivation of the LQTAI is based on dimensionless reasoning that makes the index independent of inflation and purchasing power. Moreover, the derivation shows how the model parameters can be estimated from the historical data records. Comparisons with Danish data spanning from 1948 to 2003 and with OECD country data spanning from 1960 or 1970 to 2003 show that there is empirical evidence for an essential part of the LQTAI formulation and thus also for an essential part of the LQI as a life quality measure.
With respect to the LQI or LQTAI invariance principle it is concluded that there exists no genuine empirical basis. Philosophically it must be taken as a most reasonable postulate (or axiom) for ethical attitude. Thereby the invariance principle gets the status as a normative rule.
The paper gives simple derivations of the LQI and LQTAI proving that the two are mathematically equivalent except for an important detail. Moreover some critical comments are stated about interpretation including questions about discounting and utility issues in decision making.
Definition of the Nathwani-Lind-Pandey Life Quality Index
The LQI is intended as a social indicator that reflects the expected length of "good" life, in particular the enhancement of the quality of life by good health and wealth. The definition is attached to the concept of a societal economy, a concept invented as a terminology in [5] . A societal economy has members. The members are all human beings that live and for a part of their life make productive work within a geographical region in which there is statistical homogeneity of wealth and expected life at birth. A societal economy can be thought of as a part of a country, an entire country or a suitably selected group of countries of similar standard of living of their populations. When talking about "average" it relates to average over a considered societal economy.
In short, the life quality index differential dQ is defined such that the average importance of the increment dQ is dQ/Q and this importance is simply set to a convex linear combination of the importance of dG and the importance of d[(1 − w)E], where G is the gross domestic product per person, E is the life expectancy at birth, and w is the fraction of time spent with money making work. Thus
where 0 < c < 1 is a suitably chosen combination coefficient that must be a constant under variation of the variables G, E, and w, of course. The differential form is an exact differential for the function
The problem is which value should reasonably be assigned to the coefficient c for the convex combination. The Nathwani-Lind-Pandey LQI is obtained by assuming that G is directly proportional to w, that is, G = gw with g constant, and that w is calibrated by the working people so that the LQI becomes optimal. This equilibrium between use of time for money making and work free time is then determined by the equation
showing that the solution is c = w. Thus c is put to the actual value of w assuming the this value is a stationary value for the considered social economy. Thus the Nathwani-Lind-Pandey LQI becomes written as
which is a somewhat unfortunate way of writing because it cannot be seen in which way the LQI will change value if w of some reason moves away from the equilibrium state. The correct way of writing is
where w e is the claimed equilibrium work ratio.
The original derivation given by Nathwani, Lind and Pandey in [1] and repeated in an appendix in [6] seems to be different from the one given here. However, a closer look reveals immediately that the difference is not conceptual, but is just about the the formal mathematical manipulation way in which the formulated differential equation is solved, [7, 8] . Motivated by a misbelieve that the differential formulation is appreciated by the potential users of the LQI the main message by Pandey and Nathwani in [6] is that the LQI can be interpreted as a utility as known from decision theory and be derived from this point of view. The utility interpretation is discussed in Section 10.
LQI based on a less restrictive work optimality criterion
It seems unnecessarily restrictive to assume that w cannot change under optimal balance between money making work time and work free time. The assumption that G = gw with g constant implies that the LQI is only valid if the optimal value w e of w is known. It is a fact that w has decreased drastically through the last century in most developed social economies. Therefore it seems difficult at any point in time to declare that the current value of w is optimal. The decrease of w simultaneously with an increase of G implies that the proportionality factor g cannot be a constant but must necessarily vary with w. Thus the optimality condition (3) becomes extended to
Since c per definition is a constant independent of w and g, this is a simple differential equation in which the variables w and g are separated. Integration gives
where C is an arbitrary integration constant. Thus
where K = e C is an arbitrary factor. Since c < 1 it is seen that G becomes unbounded as w → 1. However, it cannot be concluded that G → 0 as w → 0 because g(w) may be unbounded in the limit w = 0. Thus we cannot conclude that K = 1. To obtain information about what are reasonable values of K and c it is necessary to study data series of the pair (w, G) as they have developed through a reasonable large span of years. If the relation (8) fits well to the data series it would be a validation of the hypothesis of economy development under work time optimality and at the same time an estimation of the parameter c. Thus c will not just be set to the current work time ratio w as done in the Nathwany-Lind-Pandey LQI, a procedure that incommensurably changes the strange unit of the LQI each time w is changed, but will be a characteristic fixed value for the considered social economy. This reasoning is presented by the authors in [4] in which a further development is made by formulating the time balance principle in dimensionless terms. The obvious advantage of a dimensionless formulation is that the equilibrium model and the data analysis become independent of inflation, purchase power and currency exchange rates. The dimensionless analysis clarifies the essential similarities and differences between the different social economies of the world (in the following defined as countries).
Dimensionless model and Danish data
One of the authors to [1] , Niels Lind, has in a lecture at COWI in Denmark in April 2003 pointed at the importance of the following value definition given by the American writer Henry David Thoreau in the book "Walden" from 1852: "The cost of a thing is the amount of what I will call life which is required to be exchanged for it, immediately or in the long run.". This quote is also given in [3] and in [6] . Its philosophical point is that it is common to mankind that the real value of a thing or an activity is the amount of time needed to get the economical means to obtain possession and maintaining the thing or the activity. In this spirit the basic idea of the dimensionless analysis is that the real value is measured in time and not in money.
Assume that the experienced worth of an increment dw in w is measured relatively as d( pw)/ pw, where p is a factor defined as the ratio between the total yearly gross domestic product within a country and the total yearly work based salary S paid out to the inhabitants of the region. Obviously p can be interpreted as a productivity factor that increases (or decreases) the societal value of the work time fraction from w to pw per capita. The money value is GDP/N = pS/N = pws, where N is the population size and s = S/(N w) is the salary per work time unit.
Similarly assume that the experienced worth of the free time is measured relatively as d(1 − w)/(1−w) which is negative for a positive work fraction increment dw. Therefore a balance between d( pw)/ pw and d(1 − w)/(1 − w) may exist as expressed by the differential equation
between p and w where c is some unknown constant between 0 and 1. This is the same differential equation as (6) when g is replaced by p. Thus the solution is obtained from (8) as
where K is some positive constant. It is seen that the minimal value of p(w) is p(c) = K . [4] . For the other OECD countries it is explained in Appendix B how to obtain the data from the OECD data base. Fig. 1 (bottom) show the data for w and p as functions of the year. The data point ( p, w) in Fig. 1 (top) with the largest value of w corresponds to year 1948, and the connecting lines between the data points show the succession of the points with the year.
A stochastic Brownian motion driven differential equation model with linear drift turns out to provide a well fitting model for the behavior of w with time t, [9] . This model defines a so-called Ornstein-Uhlenbeck process which is a Gaussian process that in the mean follows the exponential decay function
Here the hypothesis is adopted that the asymptotic mean as t → ∞ is equal to the value of w for which p(w) is minimum, that is, the hypothesis is that the stochastic process w becomes stationary (10) and (11) to the two data sets for (t, w) and (t, p). The squared deviations are divided by the average squared deviation for each of the two data sets to bring the squared deviations into the same size scales. (10) gives p as function of the year. The graph of this function is shown as the smooth curve in Fig. 1 (bottom right). It is fair to say that the curve seems to represent a reasonable representation of the average trend of the data. A detailed statistical analysis of the data is made in [9] . As mentioned above the analysis provides sufficient information to formulate a simple stochastic process model for the time development of ( p, w). Simulations with this model give sample curves of great similarity with the factual data.
Comparison with data from other OECD countries
Comparisons of data and fitted curves are shown for other OECD countries in Appendix B. Most of the data series refer to the years from 1970 to 2003, and they show that the work balance economies have reach almost stationarity for the entire period covered by data. These cases do not show that (10) has been followed in previous years, of course. The statistical uncertainty is quite large so therefore the fitted exponential curve (11) should not be taken too literally. However, for several of the countries the parameter c in the LQI definition is well estimated as an asymptotic mean of w as the time increases. Subjective visual inspection of the curves reveals large uncertainty in the applied estimation of c at least for Ireland, Iceland, Japan, and Spain. For Iceland the least square estimation procedure based on the models (10) and (11) For some few countries a tendency of agreement with (10) can be seen. These curves are shown in Figs. 3 to 5. The corrected German data as the Danish data neatly fluctuate along the theoretical trend. Since it is impossible to verify the true validity of a mean value model of a random process on the basis of a short sample function the equilibrium model is not decisively contradicted by the data for Denmark, Finland, Germany, Italy, and Sweden.
The fluctuations of the observations of p with the year may not be purely random fluctuations around the theoretical trend obtained under the hypothesis of a development consistent in the mean with the equilibrium model (9) . Obviously the economy of a country may develop such that there are time periods without equilibrium between work time and free time. The data show that signs of such transition periods are more visible in the variation by the year of p than in the variation of w. Examples of conjectures of such transitions are Iceland, Ireland, Italy, The Netherlands, and New Zealand. The considerably larger asymptotic stability of w than of p is important for the LQI because it implies that essentially only the factor K may change while the parameter c remains constant.
By comparing the Danish data obtained from the OECD data base [10] to data used as the basis for Fig. 1 it is observed that the OECD data underestimate the work hours. The so-called ADAM data used for Fig. 1 are thoroughly validated by Statistics Denmark and therefore they represent the most reliable data that can be obtained for Denmark [11] . Consequently a linear regression factor 1960 1965 1970 1975 1980 1985 1990 1995 ζ(t) = −2.59 · 10 −3 t + 6.20 as a function of the year t is multiplied onto the work hours reported by OECD to make these approximately agree with the ADAM data, Fig. 2 . The corrected work hours are referred to as the corrected data. It is assumed that the same correction applies to all OECD countries.
The Japanese data are special in the sense that Japan is the only OECD country that seems not to have reached stationarity. The parameter c is estimated to 0.086 while the smallest value of w is about 0.104 > c. Table 1 
Societal living standard indices
Let the value of the parameter c be obtained by fitting to the historical data for ( p, w) as shown in the previous section. If the differential on the left side of (9) takes a value different from zero it is a sign of unbalance between the work effort and the available free time. For a positive value of the left side the total societal worth (or societal living standard) is increasing, and for a negative value the worth is decreasing. A basic non-dimensional wealth index I may therefore be defined relatively by
for which the solution is
except for a proportionality factor. Beside reflecting the empirical evidence represented by I a reasonable life quality index definition should also reflect the length of life at least by its expected value E at birth since E obviously can be interpreted as a partial measure of the life quality within the actual societal economy at the point in time at which E is valid, see Section 10. If the productivity amount d p is taken out from p in (13) without changing the work fraction w, the index I will decrease correspondingly. Without support from empirical evidence it is postulated that to get people to agree on spending this d p on a life saving activity that increases E by dE, it is reasonable that the worth of the time dE is set equal to the worth of the time w d p, which by (12) that the worth of dE is dE/E. Thus
This result is obtained if the differential of the product I E under constant w is set to zero. The product I E has by the authors been called the Life Quality Time Allocation Index (LQTAI), [4] . In terms of money (15) implies that the worth per capita of dE is
where G = spw is the GDP per capita. A possibly unintended consequence of the LQI definition in Section 2 is that only the worth of the extra free time (1 − w) dE is put equal to the worth of the time w d p, that is,
where the left side is the last term on the left side of (14). Of logical reasons the authors object against this value setting. However, in practice it only implies that the right side of (16) It is seen that the factor 1−c to dE/E is the only consequence of the difference between the LQTAI and the Nathwani-Lind-Pandey LQI for all countries where the ( p, w) data presently fluctuate around the point ( p e , w e ) of the vertical tangent to the curve defined by (10).
Extension to "life in rested and good health"
Instead of considering a balance between the worth of the valued work time pw and the work free time 1 − w one could consider a balance between pw/r and the free time in good health 1 − w/r where r is a reduction factor r > w defined so that 1 − r is interpreted as the fraction of time of indisposition due to illness or injury. One could even extend this time fraction to include the necessary time to sleep. This idea of reduction of the available time fraction from 1 to r is that only the time fraction r is free for trade off with work time. Thus (9) becomes modified to the differential equation
where the combination coefficients may be functions of r . Integration with respect to w/r leads to the solution
where the factor K (r ) is an arbitrary function of r . Since the data for p are not influenced by the mapping of w to w/r it follows that p(w/r, r ) = p(w, 1) and since both K (1) and K (r ) are the minimal value of p it follows that K (r ) is independent of r . It follows then that the function c(r ) must be determined from the equation
For w = c the solution is obviously c(r ) = c/r . However, for any other value of w the solution is not c/r . Thus there is no function c(r ) independent of w that satisfies (20). However, choosing c(r ) = c/r the error can be evaluated by considering the ratio of the two sides of (20) as a function of w/r . This ratio is shown in Fig. 6 for r = 2/3. It is seen that the deviation of p(w/r, r )/ p(w, 1) from 1 is less than 0.01 within the relevant value range of w when c(r ) is set to c/r . This small deviation from 1 is in no way detectable by the data. Therefore the considered data contain vanishing information about r and any reasonably chosen value of r will be applicable. An estimation of r must therefore be based on direct data for indisposition. With this extension (16) becomes
showing that the money equivalent of dE is reduced by the factor r . Exactly as obtaining the worth of dE as dE/E by (14) the worth of an increment dr of r is dr/r as seen from the combination c r wpE dr wpEr
Thus the value of health improving or injury diminishing initiatives as measured by dr can be evaluated by the relative decrease of the dimensionless wealth index
when d p is removed from p and r is increased by dr under constant w. Then
where w is the current value of the work time fraction. Thus the monetary value of dr/r for the equilibrium situation w = c, p = K becomes
It is convenient to write r as the product r = r s r i where r s is the invariant reduction factor due to sleeping time and r i is the reduction factor due to illness or injury which can be changed by different public health initiatives or by technical means. Thus dr = r s dr i . The average sleeping time per day is about 6 to 8 hours and r i is likely to be about 0.90 to 0.95 in the developed countries. This estimate is based on the following information from Statistical Denmark: 4.84 % of the Danish 2002 population received early retirement pensions due to bad health. On top of this there is normal illness and injuries that causes shorter or longer reduction of the time in good health. The extent of this is not easily accesible but it is judged that the percentage is comparable to the fraction of early retirement pensions. Thus reasonable values are r = 2/3 and r s = 0.7. The factor in the square bracket in (25) is about 9.2 for r = 2/3, c = 0.085, and K = 1.82.
In case it is chosen to let c(r ) be calibrated by fitting (19) to the (w/r, p)-data for some suitable value of r and thereafter kept constant at the calibrated value, the factor in the square bracket in (25) reduces to the first term r/c. Then the value of the factor becomes about 7.8. In [4] the combination coefficient c is assumed to be independent of r , but as an example its value is calibrated to the Danish data for some specifically chosen value of r .
Epistemological interpretation of the value setting by the LQI invariance principle
In this section the acronym LQI is short for both LQI and LQTAI. The method of assigning monetary value to dE or dr applied above may be characterized as the principle of LQI invariance. However, while the invariance of the wealth index I is well supported by the historical data when it concerns the balance between work time and free time on the work market, it cannot be concluded from this empirical evidence that exactly the same balance is present when it concerns the use of the part w d p of pw for obtaining dE or dr , that is, when it concerns the willingness to pay for dE or dr . Since the LQI invariance principle works empirically correct when it concerns the work time balance and since the principle therefore is logically consistent with the empirical evidence of using the gained time, the LQI invariance principle can be claimed to be a logical consequence of the historical experience and also to be an ethically well founded rule of appropriate practice. On the other hand, the authors fail to see, even in principle, how it can be objectively observed whether or not life saving initiatives in the past have taken place consistently in the mean with the LQI invariance principle. This forces the authors to interpret the invariance principle merely as a logically consistent normative rule for assigning monetary values to dE and dr . The obtained monetary values may be considered as upper bound values because no more than the monetary amount ( p − 1)ws is available per person for distribution on different wanted initiatives and because it may be possible to obtain dE and/or dr for less costs than their values. Moreover it is a political decision or a decision coming out of a superior more extensive decision analysis how much money can be spent, if any, to obtain dE or dr . In other words, a project may be suggested with the only purpose that it will give an increment dE. As long as the cost of realizing the project does not exceed the value of dE as obtained from the principle of LQI invariance, both consistence of behavior and ethical principles support that the project should not be kept unrealized solely on the cost argument unless the monetary means are not available.
In general technical projects such as infrastructure projects, industrial projects, transportation vehicles, etc. do not have life saving purposes, but may imply injury or fatalities. For planning such projects the monetary values of dE and dr obtained from the LQI invariance principle should be applied in full as loss values in the decision analysis. This is the consistent and logical implication of the loss being equivalent to direct loss of work power on the work market. Clearly, planning with less monetary losses may lead to projects where the safety is compromised relative to the LQI invariance principle.
Hardly many projects have been realized in the past with explicit loss evaluation on the basis of the LQI invariance principle. An empirical coincidence in the mean of past loss evaluation practice and the suggested evaluation by use of LQI invariance is unlikely. Thus the authors can only interpret the LQI invariance principle as a logically reasonable and ethically defendable normative rule of practice for choosing the fatality and injury loss values in the decision analysis of future projects.
Further modeling needed for the applications
To apply the monetary value setting by (21) and (25) in specific projects the increments dE and/or dr must be determined in relation to the project. This is a non-trivial problem that may involve detailed risk analysis and consequence modeling specific to the considered project. Rackwitz has made extensive investigations of the problem of assessing dE for technical projects, but also for health improving projects that concern decease prevention. The studies include use of cohort and mortality table information [3] . In [5] a simple random variable model is formulated aiming at evaluating the time length of dE obtained by decreasing the rate of occurrence of simple types of fatalities such as traffic accident fatalities. This random variable model together with (21) leads to the so-called Implied Cost of Averting a Fatality (ICAF). It is 
Decision theoretical interpretations and discounting
It has been suggested by Pandey and Nathwani [6] and supported by Rackwitz [12] that the LQI can be interpreted as a utility. One motivation for this suggestion is the claim that several potential users have difficulties with appreciating the differential equation formulation of the LQI and that these users are much more accustomed to think in terms of utilities. Without questioning whether this is true or not the authors are confused about the use of the word utility. In a decision theoretical context a utility is assigned to a consequence in a lottery between several possible consequences each assigned a probability. The utilities may be negative and thus be characterized as losses or they may be positive and thus be characterized as gains. In the decision analysis of technical projects several of the losses and gains are simply measured in money. If the arbitrarily normalized LQI is interpreted as a utility then its composite unit of time and money must be transformed by some factor to be commensurable with the monetary unit used for all the other losses and gains in the relevant lottery. The only utility aspect that the authors can appreciate is that a societal economy with a given LQI value is preferable to any societal economy with a smaller value of the LQI, given that such values are commensurable on a common value scale.
Another question comes up. Pandey and Nathwani and also Rackwitz include integrated discounting of the expected life implying that E in (21) becomes smaller by some assessed but unmeasurable discount factor (about 1/2 and 1/3 for discount rates of 2% and 4%, respectively, see Fig.2 of [6] ). This reduction increases the value of dE by a factor of two to three. Thereby the ICAF value becomes so large that one starts to doubt whether it is a reasonable value as compared to values that have been used for risk and decision analyses in practice. Rackwitz [12] suggests that the GDP should be reduced to about 60% of the registered value. He states that only a part of the GDP is available for unrestricted decisions about how to consume the GDP. With respect to this point the authors have doubt about how to choose the reduction of the GDP. It seems as if another arbitrary factor is introduced. Conveniently it counteracts the discounting for a suitably chosen not too large discount rate on the life expectancy.
To the authors the question of discounting in time is irrelevant for the definition of the LQI. Even though the expected life E is measured in time units, the authors interpret E, like G, as an instantaneous quality of a societal economy and as such it should not be placed as an interval along the time axis. The worth of the increment dE is measured relative to E and carries thereby similarity to discounting. The larger E the smaller the worth of dE, but interpreted as an increment of quality it has nothing to do with discounting in time. The worth of E is log E and follows thereby the often observed psychological law of logarithmic growth of human perception.
The role of discounting in risk analysis and decision making is to reflect that two consequences that are preference equivalent if they are triggered simultaneously are not preference equivalent if they are triggered at two different time points. The standard model is to apply the discount factor exp[−γ (t − t 0 )] to the otherwise time independent utility of the consequence triggered at time t when all considered consequences are thought of as being triggered simultaneously at time t 0 . An example situation is when the accidental events related to a considered project happen at the times of a random sequence τ 1 i=0 N i , which exceeds any number as t → ∞ assuming that the counting process C(t) is not bounded. However, since the N i casualties are lost at time τ i , discounting to the present should be made with some suitable discount rate γ . Thus the expected monetary value at present is the expectation
times the ICAF value. The third expression is obtained if it is assumed that the interarrival times are mutually independent. The last expression is obtained if further it is assumed that the expected number of casualties is the same for all i and that the interarrival times have a common exponential distribution of mean 1/λ, that is, if the accident events occur as the points in a homogeneous Poisson process of intensity λ. As the factor to (27) it is clearly not reasonable to apply an ICAF value which is derived on the basis of a discounted LQI. This would imply erroneous double discounting.
Conclusions
The derivation of the basis for the definition of the Nathwani-Lind-Pandey Life Quality Index (LQI) is too restrictive to be well supported by available empirical data. In particular this concerns the work time versus free time optimal balance principle applied in Section 2. It is less restrictive to let the work time and the production per work time unit be free to be functionally related. Then the optimal balance principle applied to the adopted mathematical LQI model leads to a specific mathematical relation between the two. For data comparisons it is most convenient to make the entire formulation dimensionless. The comparison with a long data series for Denmark and somewhat shorter series for other OECD countries demonstrates that the obtained mathematical relation for some of the countries including Denmark fits reasonably well with the data, and for the rest of the countries is not in conflict with the data. Moreover, the comparison shows that the Nathwani-Lind-Pandey LQI is obtained asymptotically by time as any considered societal economy approaches stationarity of the work time fraction. Thus the extended derivation of the LQI (called the Life Quality Time Allocation Index (LQTAI) in the extended dimensionless definition suggested by the authors) is empirically well supported. Thereby the fundamental idea of Nathwani, Lind and Pandey has also found a solid empirical basis.
In spite of the empirical basis for a part of the LQI, the authors logically conclude that the application of the LQI is purely normative for ethical social behavior. The application is in the form of the principle of invariance of the LQI for evaluating a fair money allocation to life saving initiatives or for evaluating monetary loss values for fatalities in risk and decision analyses.
There is a discrepancy between the original Nathwani-Lind-Pandey LQI and the LQTAI in the way the gain of an increment of the life expectancy is assigned money value. The LQI allocates all the gained value only to the free time while the LQTAI allocates the gained value to both work time and free time. After the work time stationarity is reached this difference in allocation principle is the only practical difference between the LQI and the LQTAI.
Pandey and Nathwani have advocated an alternative derivation and interpretation of the LQI as a utility. The authors have doubts about this utility interpretation and see the formulation as artificial and misleading with respect to application of discounting. The relative differential definition used by the authors and also originally used by Nathwani, Lind and Pandey is invariant to the issue of discounting. The conclusion of the authors is that discounting should not be used in the LQI definition if its purpose is to make resource allocation under invariance. The discounting comes in when the allocated values become realized at different points in time.
The invariance principle for the LQTAI offers a possibility of evaluating not only the gain by averting a fatality but also of evaluating the gain by averting accidental injuries or contaminant deceases. By their prevention the total expected life may not be increased, but the increase is on expected life in good health.
An important conclusion is that the empirical data do not point at any specific length of the day, that is, the sleeping time may be included or excluded in the balance between work time and free time. It is entirely a matter of choice of the normative rule. For any choice the data give sufficient information to obtain the values of the parameters of the LQI. The allocated resources become dependent of the choice. The resources are increasing by increasing chosen length of the day. The authors suggest to use a day length of about 16 hours to make the hours commensurable in value for sale as work hours.
Finally it is remarked that the empirical basis contains the unreduced Gross Domestic Product and not some fraction of it. It has been argued by Rackwitz that only about 60% of the GDP is available for free use. The authors do not agree on using such a reduction. On the other hand, it is recognized that the allocated means are upper bounds that can be justified to be spent on the life saving initiative without ethically defendable counter arguments in case the means are fully available. 1960 1965 1970 1975 1980 1985 1990 1995 
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